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INTRODUCTION
Within the recent past decades considerable interest
has been taken in the relevance of limnological
information to the productivity, development and
management of the aquatic environment Therefore
limnological studies are not only of major
importance to understanding aquatic life but also
for the development and management of such
aquatic environment. Apart from water quality, its
quality is also of importance because in natural
water bodies the quality of the water influences the
whole aquatic community (Benthos, Bacteria, Plant,
Fish, Plankton), as well as each stage of th.e life
cycle of the individuals and as such plays a major
role in structuring that community. The ultimate
objective of linmology is therefore to understand
the factors upon which the continued existence of
nature depends and to find out causes of
decimation and in some cases extinction.
The baseline data of any natural or man-made lakes
is of great importance in that it stands as a
reference point when assessing changes caused by
nature and man over time in such water bodies.
Such data will also be of immense value in
drawing fisheries management plan for such water
bodies. Shiroro lake is one of the important inland
aquadc resources of Nigeria.
ABSTRACT
The physico-chernical parameters of the surface water of Shiroro lake and its major tributaries at their entry point
to the reservoir were assessed over a period of eighteen months. As in other African inland water bodies there were
seasonal variations in the parameters measured . The hydrological regime of the lake, precipitation chemistry,
bedrock chemistry and hydro-electric power generation influence and determine the inputs of dissolved organic
carbon, nutrient levels and water quality of the lake. The added nutrients to the lake by means of the major tributary
rivers and inundation of surrounding areas also influence the water quality of the lake.
The wet season mean values for water and air temperature were significantly (P < 0.05)ilgher than dry season mean
values in all stations. However, for pH, Dissolved oxygen and Phosphate-phosphorus the dry season mean values
were higher than wet season mean values.
260
Only a scanty baseline research work has been
done on this lake after its impoundment. This
includes "Environmental Impact Assessment of the
Hydro-electric power projeets in Niger State",
which is a post-impoundment investigation done by
NIFFR, in 1991.
A four month research work on some physico-
chemical aspect of the Shiroro lake was carried out
in 1992 by a visiting research student from
Wageningen Agricultural University (WAU), the
Netherlands under the auspices of Federal
University of Technology, Minna and Dutch
Government Research Collaboration Exchange
Programme (F.U.T. - Dutch Research Exchange
Programme).
In 1993, the consultancy unit of the Federal
University of Technology, Minna (FUTMIN
CONSULT), also carried out a four-week survey
tided "Rapid Inventory Survey (FIS) of the Shiroro
lake Watershed and Fisheries".
The importance of water as a resource is not only
tied to its availability and quantity, but also to its
quality. It is quality that determines and supports
its biological composition. Studies have shown that
the conversion of lotic ecosystem into a lacustrirte
one causes changes in water quality (Egborge 1981,
Adebisi 1981, Kadlman 1982, Akhurst and Breen
1988). Variations in lake water quality have been
explained in terms of dominance of either
precipitation chemistry, bedrock chemistry or
evaporation-crystallization process within the lake
and its entire basin, Le the hydrological regime of
the lake which affects water depth and immdation
of areas and nutrient from tributary streams affects
water quality (Stirling and Philips 1990, Sidinet et
al 1992). The action of wind especially in shallow
areas and entrance of river into a lake erodes
stratification in such water bodies (Enrique 1992,
Jack 1992). Silva and Ronald (1987) reported that
water mixing and incident of rainfall has also
shown to lower pH, causes gradual increases in
conductivity during dry season which they
attributed to be probably due to carbondioxide
release from accumulated organic matter during
d.ecomposition. Attempts have been made to
determine the dominant causative agent peculiar to
some southern Nigerian water bodies (Wright 1985,
Ogunkoyn 1986). Industrial effluent discharges into
inland waters have their own tolls of effects which
affect the quality of the receiving water bodies
(Fagade et al 1992, Sikoki and Kolo 1992) The
hydrological regime of the lake, which affects
water depths and intuadation of areas, and also
nutrients from the tributary rivers affects the water
quality and consequently community of the lake
(Inievbore 1965, Karlman 1982, Stirling and
philips 1990, Sedinei et al 1992, Ovie and Adeniji
1993). The normal electric power generation has
been observed to have some impact on the water
chemistry of the reservoir and the downstream
water (Karlman 1982, Elewa 1985, Ovie and
Adeniji 1993).
The major sources of phosphate and nitrate into
water bodies originates from sewage, agriculture
(drainage of agricultural lands) and industrial
effluent discharges (Stirling and philips 1990) and
also leaching from soils and rocks. Incoming flood
water provides important input of alIochthnous
nutrients that compensates for various losses
occurring between floods. The total amount of
Phytoplankton which is the link in. the flood chain
to other higher aquatic organisms, is dependent on
the amount of phosphate and nitrate in the water
and also on their bioavailability (EPA 1986).
Increase in nutrient concentration causes increase in
primary productivity. Several researchers have
reported the relationship between plankton standing
crop and nutrient concentration and availability
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(Beadle 1981, Karlman 1982). Over-availability of
nutrients in aquatic environment can lead to
negative effect of eutrophication and its attendant
consequences (EPA 1986). Phytoplankton
requirement of phosphate and nitrate is ratio 10:1
(N:P) by weight (Stirling and Philips, 1990).
Phosphate is said to be most limiting factors in
most natural freshwaters. Akpan et al (1993)
reported lower nitrate concentration in dry season
than wet season in some Eastern Nigeria rivers,
while lower values of phosphate was observed in
wet season which they attributed to dilution effects
of rains and flood waters. It was also reported that
absence of Zooplankton could decrease phosphate
concentration during Phytoplankton bloom. They
also observed significant difference between
surface water phosphate values and water overlying
the sediment phosphate values. Vincent et al (1986)
observed minimal nutrient concentration during the
dry season in lake Babia de puno in Peru-Bolivia.
Ovie and Adeniji (1993) observed high nitrate and
phosphate during low water level in lake Shiroro
which they attributed to calmer water and low
water volume which favors settling of the
suspended materials and concentration of dissolved
salts. Co-precipitation of dissolved phosphate with
calcite (CaCO3) has been observed in many
freshwater lakes (House 1990, Helen et al 1995).
Aspects of nutrient excha.nges and distribution in
African freshwater have been reviewed (Thornton,
1986).
GENERAL DESCRIPTION OF
THE STUDY SITE
Shiroro lake (Fig.1) is a man-made lake located in
Niger State, Nigeria, approximately 901cm
Southwest of the city of Kaduna. It is situated in
Shiroro gorge (Latitude 90 58'N and 60 51'E) on
the Kaduna river 550m downstream of its
confluence with the Dinya river (Fig.2). The lake
is about 66km by road from Minna, the capital of
Niger state. Rivers Sarkin-pawa and Muye are the
other major tributaries to the lake. The river was
primarily dammed for hydro-electric power
generation, but with secondary objectives in
fisheries and agriculture. It is the second largest
hydro-electric dam in Nigeria, with an installed
capacity of 600MW, while Kainji dam the largest
has an installed capacity of 750MW.
The Shiroro dam was impounded in 1984 and
commissioned in 1989.
METHODS
Five sampling stations were sited within the lake
basin (Fig.2). The choice of the sampling stations
were based on the entry points of the major
tributaries into the lake At each station water
samples were collected from the surface water
every fortnightly between June 1993 and December
1994. Some physico- chemical parameters and
nutrient level of the water saraples were
determined Computer programmes were used to
analyzed the data collected.
RESULTS AND DISCUSSION
This study has been carried out to asses some
Physico-Cheraical characteristics and nutrient level
of the tributary rivers at their entry point to lake
Shiroro and also the effects of Hydro-electric
power generation on the water quality of the lake.
Some marked variations were observed between
saraples, stations, months and seasons. The results
are presented in Tables 1, 2 and 3.
The greater air and water temperature range
observed in stations 2 and 3 (Table 1) could be due
to their location which is characterized with swift
water movement and frequent dynamic changes in
water flow, while the least range observed in
station 5 could be due to calm water condition
which was brought about the gentle terrain nature
of the site. The surface water temperature for the
entire reservoir ranged between 17.9°C and 34.0°C.
This range compares well with the ranges reported
for other tropical lakes (Adebisi, 1981, Khan and
Ejike 1984, Ovie and Adeniji, 1993). The lowest
and the highest temperature recorded in stations 1
and 3 respectively was probably as a result of time
lag between stations which allows for the warraing
effect of the solar radiation. The relatively very
low temperatures recorded in all the stations
between February and March were due to the cool
dry North East trade wind effect (harmattan) which
was severe at that time of the year. This also
explains why the dry season mean values were
lower than the wet season mean values in all the
stations. A similar effect had been observed in
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some African inland water bodies (Egborge 1981,
Khan and Ejike 1984, Ovie and adeniji 1993).
The wider pH range and the highest mean value
recorded for station 1 could be due to combined
effects of the different tirubutaries emptying their
waters into this site. The lower season mean values
in Station 2, 3, 4 and 5 may probably be due to
higher input of allochthonous organic matter and
higher temperature which enhance the decay
process. A_n opposite finding of lower dry season
mean had been observed by Boyd (1979) in his
sediment pH studies and also Wade (1988) in his
study of mine lakes s The highest wet season mean
value observed at station 1 could be due to greater
water volmne/level and greater water retention
period during the wet season. The pH range
obtained in this study fall well within the
recoramended range (6.5-7.5) (Boyd, 1979) that
will support aquatic life including fish.
The swift and frequent dynamic water movement
resulted in greater dissolved oxygen range, greater
standard deviation and higher mean value (Table 2)
in the surface water at station 2 when compared to
other stations. The lower mean value recorded at
station 1 was due to water depth effect, lower
temperatures and less agitation by wind current
which was comraon and prorainent in other
stations. Tlais was peculiar to station 1 because of
its proximity to dam site which is situated in a
deep gorge surrounded by mountains The lower
mean values obtained at station 3 may be as a
result of submerged decaying woods which used up
dissolved oxygen. In all the stations with the
exception of station 2, the dry season dissolved
oxygen mean values were higher than the wet
season mean value Table 3). Silva and Ronald
(1987) reported a contrary trend in their study of
seasonality of monsoonal primary productivity in
the five man-made lakes located within the same
river basin in the dry-zone of Sri-Lanka. The
higher dry season mean value could be due to
greater and frequent agitation rate by wind current
in the dry season and also lower temperature
characteristic of dry season do not encourage or
enhance decay of organic matter which tend to
used up lots of dissolved oxygen thus causing
oxygen depletion within the water cohimns. Studies
have also shown that low dissolved oxygen values
observed during the high water period which
coincides with wet season could be attributed to the
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Table 2 The mean values and standard deviations for the Physico-chemical parameters
measured at different stations of Shiroro lake.
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The mean values having the same superscript are not statistically at P <0.05.
parameters Station 1 Station 2 Station 3 Station 4 Station 5
Water temp. 26.9be 28.6° 28.5' 28.2' 27.1bb
+ S. D ±34 + ?.7 + 3.5 ± 2.7 ± 3.2
Air temp. 26.4a 27.6' 27.8' 27.8' 26.6"
+ S.D + '3.1 + ± 2.3 4- 2.9 4- 2.6
pH 6.9a I 6.8a 6.8" 6.8'
S.D ± 0.7 ±0.5 ±0.5 ± 0.4 ± 0.4,
DO 10.2b' 11.1' 10.2c 10.8' 10.6'
± S.D I- 2.6 + ± 2.3 ± 2.7 ',.4
Cond. 71 .4* 793ab 74.5 ab 69.0 ab 70.3 ab
± S.D ± 1 . + 18.5 ± 14.6 + 10.1 + 10.9
BOD 3.9a 2.9a 3.0a 3.5a
± S.D ±2.0 ±3.7 + 1 9 ±2.0 ±2.1
Trans. 0.41a 0.34' 0.3T 0.42' 0.43'
T) ± 0.3 + 0.9 + 0.2 + 0.2 0.2
PhOS. 0.64' 0.76' 0.63' 0.65' 0.67'
± S.D + ± 0.5
-± 0.3 n0.3 n0.3
Nitr 0.50' 0.47' 0.47' 0.51' 0.46'
+ S. D ±0.3 ±0.3 ±0.3 ±0.3 ± 0.3
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chemical oxidation of humic compounds in
addition to higher and larger amowat of organic
materials available for decoraposirion as a result of
inundation of lands and forest areas, also the wind
velocity seem to be lower at that period of the year
thus reducing the movement of the waters by the
wind action (Odinetz, 1989; Enrique, 1992; Sidinei
et al, 1992).
The higher Biological Oxygen Demand (BOD)
mean value recorded at station 3 could be due to
shallow and submerged woody nature of the site,
therefore organic matter decay process used up the
dissolved oxygen, thus resulting in lower dissolved
oxygen content and high BOD value. Inievbore
(1970) and Obioha (1984), observed similar effects
in Eleiyele reservoir in lbadan and in two
contrasting mine lakes in Jos Plateau respectively.
Greater range value and higher mean value
observed at station 2 could be due to swifter water
movement which do not allow for sedimentation
and decay process. The lower BOD mean value
recorded at station 1 could be due to tb.e wood free
nature of the site, thus resulting in less organic
matter decay process which would have used up
much dissolved oxygen. The low wet season mean
values recorded at all stations could be as a result
of effects of flood waters and run-offs which
brought in large amount of allochthonous organic
matter and caused resuspension of autochthonaus
material, this and the higher temperatures during
this season erJaanced the decay process with its
atten.dant dissolved oxygen depletion and high
BOD value.
The swifter water movement at station 2 and 3 and
their proximity to mountainous sterrain could have
enhanced weathering process of bedrock and ionic
dissolution process which may account for the
greater mean conductivity value observed at this
sites, while lower mean values at station. 4 could be
due to plain terrain nature and less total dissolved
solutes at this site. The higher dry season mean
conductivity value in starions 3, 4 and 5 could be
due to low volume which brought about
concentration effect. Ovie and Adeniji (1993)
observed a similar trend in this same lake. The
higher wet season mean recorded in the surface
water of stations, 1,2 and 3 could be due to
leaching of mineral salts frora the bedrock, surface
runoff and resuspension of suspended solids during
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this period which is characterized by flood and
higlaer water level.
The Secclii-disc transparency followed the water
turbidity trend because turbidity is known to be a
fwaction which determines the light penetration into
the water, thus it is not surprising that in this study
they were found to be inversely correlated. (P <0.05)
to each other. As the water turbidity iacreases the
Secchidisic transparency decreases. Thus station 2
being more turbid had comparatively lower light
absorbance with a consequent lower secchi-disc
visibility. The dry season secchi-dise transparency
mean values at all stations were higher than the
wet season mean was due to absence of flood
water, surface run-off and settling effect of
suspended which followed the seceasation of
rainfall. All these allow for bacrease in euphoric
zone, which varied directly with rainfall in
freshwater habitat. The low secchi-disc visibility
recorded between June and September agrees with
the findings of Wade (1988) who observed that
onset of rain decreases the secchi-disc visibility in
two mine lakes around Jos, Nigeria.
The surface run-off from the nearby farm lands
could account for the higher mean phosphate value
recorded at station 5, since application of phosphate
fertilizer is common in farmland in close proxiraity
to this site. The higher dry season mean recorded
in stations 3, 4 and 5 could be attributed to
concentration effect as a result of reduced water
volume during the dry season, thus the lower wet
season mean could be due to dilution effect of
rains Similar findings were observed in Cross
River, in Eastern Nigeria by Alcpan et al (1993).
The higher dry season mean value could be due to
lower water hardness thus less CO-precipitation of
phosphate with calcium carbonate a phenomenon
which has often been reported to occur in many
freshwater lakes (House 1990, Heleen et al, 1995).
Beadle (1984) reported that reduced volume of
water has impact of altering the physical and
nutrient situation of water bodies.
The effluent discharges from Agro-allied industries
in Kaduna town into River Kaduna as reponed by
Awanda (1987) in his study of Effects of Industrial
Effluent on the Biota of River Kaduna may account
for the higher nitrate mean value obtained from
station 2 which is located at the entry point of R.
Kaduna into the lalce. reservoir. Tiae higher wet
season mean value observed in all the stations
could be due to runoff from the farmlands during
the wet season into the lake. The 60-920 (g/1 range
obtained in these studies suggests that this lake has
a greater primary production potential in turns of
nitrate concentration when compared to the ranges
of 0-200 (g/1 (Kariba lake, Uganda), 50-160(g/1
(Vollta lake, Ghana) and 40-200(g/1 (Asejire lake,
Nigeria) reported by Tailing and Tailing (965),
Biswas (1966) and Egborge (1979) respectively.
The higher range over those of aforementioned
workers could be due to increase in manufacture
and use of nitrate fertilizers which means increase
in industrial effluent discharges into the inland
waters.
CONCLUSION
The seasonality of limnological variables studies in
lake Shiroro like other Africana inland water
bodies was determined by the action of some
controlling factors. These controlling factors are a)
Hydrological regime of the lake at different seasons
of dae year which causes changes in the depth of
the lake and in the flooded areas.b) Precipitation
chemistry (rainfall), weather conditions and the
bedrock chemistry which influences inputs of
dissolved organic carbon, nutrient levels and water
quality of the lake. C) Hydro-electric power
generation which causes fluctuations in water
volume/level, water retention and turnover time.
The added nutrients to the lake by means of
tributary rivers and inundation of the surrounding
areas influence the water quality of the lake.
Hydro-electric power generation as in other African
man-made water bodies had effects on the water
chemistry of lake Shiroro. River Kaduna which is
the major dammed river and tributary to lake
Shiroro has profound effects on the lake water
quality.
The differences in wet and dry season mean values
was as a result of effects of hydrological regime of
the lake and prevailing weather conditions. Also
the differences observed between stations in the
physicochemical parameters could be as a result of
siCe location.
The positive benefits of tropical African man-made
lakes is the potential prosperous fisheries brought
about by large volume of calmer water in which
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nutrient rich sediments settles and a great varieties
of habitats are provided for the fauna and flora,
however the management of these resources is of
utmost importance.
There is therefore need to asses the fisheries
potentials of Shiroro lake in relation to its
limnological characteristics so as to be able to draw
a reliable aquatic management plans for dae lake in
the near future.
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